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Outline

� Introduction to VPD* recording

� VPD recording with RFID

� RFID read range – scientific challenges

� Strategy for replacement of the barcode
scanner

� State of the technology - the model contribution

*Variable Product Data
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RFID at DaimlerChrysler
RFID is one of the Global Topics

Implemented RFID Applications 

Short-term RFID Application planned (productive in  < 3 years)

Long-term RFID Application planned (productive in > 3 years)

Available under: http://techportal.intra.daimlerchrysler.com � Councils � RFID SIG � Projects

• Rack Management
• Real Time Locating  

System

• Skid Identification 
in the Paint Shop

• Container Management

• Part Identification
• Real Time Locating 

System

• Asset Management

• CKD Logistics

• Asset  
Management and  
Inventory Control

• Real Time Locating 
System

Mexico

Detroit

Tuscaloosa

Germany

China

India

Indonesia

South Africa
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Introduction to VPD recording

Rims & tires:
6 Variants

Seats:
6 Variants

Cockpits: 
26 Variants

Customer specific
parts with VPD

Documentation
obligatory parts with VPD

Airbags

Battery

Keys

Ca. 55 Parts to be
documented

Millions of 
combinations

Recording by
handheld barcode

scanner

Time consuming, 
manual process -

insecure
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VPD recording process

Cockpit 
pre-assembly line

Assembly line

JIS*

*Just In Sequence supply chain

O.K.

VPD Station
PLUS Client

The worker
attaches the
cockpit and 
scans three

VPD 
numbers

Every cockpit has three
VPD numbers: Cockpit, 

co-driver airbag and 
airbag base

At a later
point the complete cockpit

is built in the car
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Outline

� Introduction to VPD recording

� VPD recording with RFID

� Motivation, goals and benefits

� Technology selection

� Steps and functional principle

� Pilot project results

� RFID read range - scientific challenges

� Strategy for replacement of the barcode scanner

� State of the technology - the model contribution
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VPD recording with RFID
Motivation, goals and benefits

� Current situation
� Approx. 55 VPD Idents per car, 

20 VPD stations � manual
barcode scanner

� Deployment of the
barcodes

� Technical problems

� Insecure manual process

� New technology: RFID

� Full automation � no manual
effort

� Excluding the human error and 
reduction of the after-work rate

� Time- and cost savings

� Increasing of the process
security
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RFID 
13,56 MHz
according
ISO 15693

Low tag price
Passive HF and UHF

tags

Well defined
read range

HF

Min 128 Bytes
HF and UHF

VPD recording with RFID
Technology selection

Open loop solution

Read range < 1m

User memory

Specific
requirements

Consequences Result
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Test 
Datenbank

Ist
Datenbank

Von
PLUS

Montagegestell

RFID
Antenne1

Steuer
SW

Stationärer
Barcode
Scanner

Derzeitiger
Manueller
Barcode
Scanner

SPS

RFID
Antenne2

RFID
Lesegerät

SPS � � � �� � � �

VPD recording with RFID
Steps and functional principal

� Identifying the proper RFID equipment

� Preparation the necessary software

� Read range determination for the worst cases

� Transfer � Pilot runs � Volume test

Soll 
Datenbank
(JIT-B PN)

((RFID)) Modul

RFID Drucker

Produkt – Nummer 
Teil – Nummer 

„Tag“ an das Teil

� � � �� � � �

CVM

Programming the tags Reading the tags

Produktionsnummer
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Overview equipment pilot project
Plant Rastatt

� RFID printer by Johnson Controls 

� RFID reader, antennas, barcode scanner and the
controlling computer
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Pilot project results

� Four-week test 12141 Cockpits with RFID 
Tags

� KW 47, 49, 50 – No errors

� KW 48 --- 37 Errors at 30.11./01.12.2006

� Errors happened exactly before/after the
begin of the shift, change of the shift or
the breaks

� The errors seem to be caused by human 
activities

Error distribution at 30.11
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Outline

� Introduction to VPD recording

� VPD recording with RFID

� RFID read range – scientific challenges

� Model description

� CST Simulations based on S (2,1) parameter

� Simulated and measured read range

� Worst – case scenario investigation

� Strategy for replacement of the barcode scanner

� State of the technology - the model contribution
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RFID read range - scientific
challenges

A – class cockpit

RFID Tag

Cockpit possible
positions – side view

Reader antenna 
coupling areas

*According to Texas Instruments
„HF Antenna design notes“

Pos 1
Pos 2

Pos 3

Pos 2

Pos 1 Pos 3

The tags come in different positions below the reader antenna
Need a of a coupling model, which ensures that the tag is always readable

Reader antenna

Cockpit can be rotated for easy assmebly
at the pre-assembly line
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Model description

Equivalent circuit: reader antenna
and the tag 

Air interface modeling and simulations
� The 3D system read range:  the tag and the reader communicate 
correctly
� The read range depends on the tag power supply
� The factor that influences the system reading range is the block 
number two, which consists only of the coils of the reader and tag 
antennas

Models of the reader antenna
and the tag

Block 1 Block 2 Block 3
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CST Simulations based on S (2, 1) 
parameter

Antenna – RFID tag model for the simulations Read range y=0 plane

From the manufacturer datasheet:
the measured most distant point, where the tag, parallel to the antenna,
is read correctly is (0cm, 0cm, 75cm)
At this point (0, 0, 75) the simulated S(2, 1) is – 68.9dB
� if S (2, 1) � �68.9 dB               
than the tag can be read correctly and                     
� if S (2, 1) < �68.9 dB not correctly

Port 1 
Excitation port

Port 2 
Excited

port
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Simulated and measured read range

Full 3 – D read range

Tag parallel with the antenna

Simulations and measurements
� The difference is less than 5 cm

(discretization step)

� Reliable method for defining the read range

� Drawback � time – consuming
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Worst – case scenario investigation

A – class cockpit Cockpit possible
positions

RFID Tag

The developed
model enables

us to check 
and confirm

the read range 
under different 
angles and for
different tags

S (2, 1) � �68.9 dB
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� Introduction to VPD recording

� VPD recording with RFID

� RFID read range – scientific challenges

� Strategy for replacement of the barcode
scanner

� State of the technology - the model contribution

Outline
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Future situation

� Automated
recording

� Automated
trigger

Strategy for replacement of the
barcode scanner

Current situation

� Manual recording

� Manual trigger

Manual trigger

O.K.

Automated

lichtsensor / trigger

RFID Tag

The same protocol
and port �

Easy replacement
possible

VPD Station
PLUS Client

��� �
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State of the technology–
the model contribution

Begin situation

� Simple 3 – D measured read 
range for a certain tag 

� No precise information of read 
range dependence of the tag 
angle to the reader antenna

� No requirements of the min 
distance between the tag and 
metal objects

� No information, when two tags are
close to each other

Situation now

Done

� Development of a model for
determining the 3 – D read 
range. The model works with
every tag, distance and angle

Future

� Investigation of the
dependence of the RFID 
system read range in a multitag 
operation from

� The distance „Tag – Tag“

� The distance „Tag - Metall“

� Defining the RFID EMC in the
car
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